The treatment-based classification system (TBC) for the treatment of patients with low back pain (LBP) has been in use by clinicians since 1995. In this manuscript, we updated the TBC by maintaining its strengths, addressing its limitations, and incorporating recent research developments.
INTRODUCTION
Despite the plethora of research on low back pain (LBP), clinical trials have not provided conclusive evidence supporting the superiority of any particular intervention. 1, 2 This gap is often attributed to that the design of most clinical trials includes delivery of a single intervention to a heterogeneous group of patients with LBP. This heterogeneity, combined with wide inclusion criteria, tends to dilute the treatment effect. In order to optimize the treatment effect, patients with LBP should be classified into homogeneous subgroups and matched to specific treatment. Subgroup-matched treatment approaches have been shown to result in improved outcomes when compared to nonmatched alternative methods. [3] [4] [5] [6] Designing studies that incorporate subgroup-matched treatments into LBP classification systems has become a research priority. 7 In the field of physical therapy, there are 4 primary LBP classification systems that attempt to match treatments to subgroups of patients using a clinically driven decision-making process. These classification models include the mechanical diagnosis and therapy by McKenzie, 8 the movement system impairment syndromes by Sahrmann, 9 the mechanism-based classification system by O'Sullivan, 10 and the treatment-based classification by Delitto. 11 All of these systems have made significant contributions in improving clinicians' ability to recognize patterns of signs and symptoms in patients with LBP, and match them with respective treatments. Yet, these systems -without exception -have 4 main shortcomings:
1. No single system is comprehensive enough in considering the various clinical presentations of patients with LBP; or how to account for changes in the patient's status during an episode of care.
2. Each system has some elements that are difficult to implement clinically because they require expert understanding in order to be utilized efficiently.
3. None of these classification systems consider the possibility that some patients with LBP do not require any medical or rehabilitation intervention, and are amenable for self-care management. 4 . The degree to which the psychosocial factors are considered varies greatly among these systems, which runs contrary to the clinical practice guidelines established by the American Physical Therapy Association (APTA) that advocate using the biopsychosocial model as a basis for classification. 12 These shortcomings are likely to be overcome as our understanding of the factors that drive LBP improves. We are likely to see more convergence than divergence amongst the 4 systems.
In this article, we focus on the treatment-based classification system (TBC) by Delitto et al. 11 The TBC is the most extensively researched classification system in the field of physical therapy with more than 16 papers investigating its usefulness as a guide for clinical decision-making. 13 Since its publication in 1995, the TBC has passed through phases of development that were largely based on emerging evidence. At each phase, the TBC had different strengths and limitations. The purpose of this article is to review those strengths and limitations, and use current evidence to update the TBC approach. Specifically, the update of the TBC will take into consideration the following points:
• Recognition that the initial triage process includes all healthcare providers who come in first contact with patients with LBP.
• Establishing decision-making criteria for the first contact practitioner to triage patients into one of three approaches: medical management, rehabilitation management, self-care management ( Figure 1 ).
• Utilizing risk stratification and psychosocial tools to determine which patients require psychologically informed rehabilitation.
• Updating decision-making criteria for the triage process by rehabilitation providers to determine the most appropriate rehabilitation approach (Figure 1 ; Table) .
• Linking the components of the TBC to the APTA Practice Guidelines for Low Back Pain.
• Proposing a course of action addressing the limitations of the previous versions of TBC including the development of a novel neuromuscular assessment, prioritizing interventions and identifying a research agenda.
THE TREATMENT-BASED CLASSIFICATION SYSTEM -1995
The original TBC system was created in 1995 by a panel of experts with the purpose of describing a classification system that specifically directed conservative management to patients with LBP. 11 The 1995 TBC was designed in part to be analyzed critically and serve as basis for scientific inquiry. This system represented the initial phase of development.
The 1995 TBC had 3 levels of classification ( Figure 2 ). Level 1, classified the patient into 3 groups: 1) patients who could not be managed by physical therapy and needed to be referred for medical management because of great suspicion of serious pathology; 2) patients who could be managed by physical therapy but required consultation with another healthcare practitioner because of presence of chronic comorbidity or "magnified illness behavior"; and 3) patients who could be independently managed by physical therapy.
Level 2 was for patients deemed appropriate for independent physical therapy. Level 2 classified such patients into 3 stages each of which had specific interventions that were appropriate for the patient's status. Stage I was for patients with severe pain and disability status; the goal of the intervention was symptom modulation. Stage II was for patients whose pain was not too severe but interfered with their activities of daily living; the goal of the treatment was resolution of residual symptoms and improvement of physical function to enhance the performance of activities of daily living. Stage III was for patients who were relatively asymptomatic, could perform standard activities of daily living, but needed to return to higher levels of physical function; the goal of the treatment was to improve the patient's ability to perform higher levels of physical function without symptoms exacerbation.
Level 3 classified patients into syndromes embedded within each stage. Each syndrome was named after the intervention the patient was going to receive (e.g. mobilization syndrome, traction syndrome, etc.). To assign a patient to a particular intervention, a thorough physical examination was conducted to identify the treatment that would be best matched to the patient's clinical presentation.
Several strengths could be ascribed to the 1995 TBC system. At level 1, the TBC considered a process of patients triaging upon first contact to screen for red flags in direct access physical therapy clinics. Also, the 1995 TBC considered assessment of psychosocial factors using Waddell's signs and symptoms of 'magnified illness behavior', 14 which were the best available evidence to assess psychosocial factors at that time.
At level 2, the TBC described the staging process; which was the hallmark strength of the system. This was because the TBC developers recognized that using number of days since onset was not useful in guiding treatment matching. Therefore, the TBC developers described the staging process to prescribe interventions according to the patient's pain intensity and disability status rather than relying on arbitrary definitions of acute, subacute, and chronic LBP based on time duration alone.
Level 3 was the level at which the patient's signs and symptoms were matched to specific interventions. Interventions at this level targeted a wide array of patients with LBP along the spectrum of pain and disability status. The interventions were not confined to a specific concept; rather they were open to other schools of thoughts.
Despite the strengths of the 1995 TBC, a number of limitations could be identified. At level 1, when psychosocial factors were identified, there was no specific suggestion of how to address these factors other than consultation with another healthcare provider.
At level 2, the TBC was somewhat ambiguous in describing the conceptual terms 'levels', 'stages', and 'classification'. This lack of clearly defined terms and decision-making variables confused some readers, and led to mis-interpretation of stage I, stage II, and stage III as acute, subacute, and chronic respectively.
At level 3, one limitation was that the physical examination was largely based on findings related to the patient's static alignment or response to tissue loading tests, which could guide the treatment for stage I patients whose status required symptom modulation, but were not helpful in guiding the treatment for stage II and III patients whose status was related to the movement system impairments. As a result, the interventions in the 1995 TBC were exclusively designed to be matched with 'syndromes' for stage I only, and never fully developed for stages II or III.
Another limitation at level 3 was confusion over the "immobilization" syndrome. The immobilization syndrome was intended for patients with hyper-acute LBP that was irritable (i.e. pain can easily be provoked with minor lumbar spine movements) and still in the inflammatory phase. For such patients, immobilization meant limiting the patient's movements until the irritability and inflammation subsided. Unfortunately, immobilization was also the same term used to describe patients with signs and symptoms of "instability" that was aggravated with end range movements. For patients with "instability", immobilization meant limiting the patient's end range movements by the use of stabilization exercises. To resolve this confusion, the term immobilization for patients with instability was replaced with the term "stabilization". However, the term stabilization erroneously crept in as one of the primary interventions embedded in stage I, and many clinicians forgot about the concept of 'rest from function' as a strategy for managing the hyper-acute LBP.
The 1995 TBC was a classification framework based largely on clinical observations with minimal research to substantiate its theoretical basis at that time. However, the 1995 TBC set the stage for a new era of research in the years following its publication. Thirdly, the 2007 TBC criteria that were suggested to match a patient with a specific treatment did not always aid in matching. 18 When the criteria could not match the patient to manipulation, specific exercises, or traction, then the patient was matched with stabilization exercises. As a result, the stabilization exercises subgroup became in of itself a composite of heterogeneous patients with various signs and symptoms.
THE TREATMENT-BASED CLASSIFICATION SYSTEM -2007
Fourthly, the criteria did not consider deficits in muscle performance or motor control when matching patients to treatments. When patients with such deficits were assessed by the 2007 algorithm, they were either erroneously matched to stabilization exercises subgroup or remained unclassified.
19
Finally, the 2007 TBC criteria did not ensure that patients are matched only to a single intervention, but rather 25% of the patients could satisfy the criteria for more than one subgroup.
18
This overlap pointed to the importance of creating a hierarchical algorithm that prioritizes treatments based on clinical findings, and allows for change within an episode of care.
The 2007 TBC produced an algorithm that was clinically applicable, but the developers were aware that the system had its limitations and foresaw that it was likely going to change. Fritz et al.
stated that "the process of developing a classification system is dynamic and it is likely that future modification [to the TBC] will inevitably be made". 15 Therefore, the 2007 TBC algorithm should be revised to incorporate the latest developments, optimize its comprehensiveness, refine current criteria and explore additional treatments.

THE TREATMENT-BASED CLASSIFICATION SYSTEM -2015
This update of the 1995 TBC system represents the third phase of development, which we believe is timely because of many advances in the way care is delivered to patients with LBP. New research has improved our ability to predict the risk of patients with LBP developing poor treatment outcomes, and subsequently prescribe interventions that better match the identified risk level. 20 Also, psychosocial factors have been described in the literature, and the rehabilitation provider's competency in addressing them has been reported. 21 Additionally, various pain mechanisms that can underlie LBP have been highlighted.
22,23
These advancements have been described in the APTA Clinical Practice Guidelines for LBP. 12 These guidelines, in part, attempt to establish a common diagnostic language as well as publish evidence-based principles for clinicians and researchers. However, the guidelines' recommendations have not been widely adopted by existing classification systems for LBP. Therefore, we are proposing a format that allows for the incorporation of the guidelines' recommendations into the 2015 TBC, which will provide a process by which the recommendations can be used efficiently in the clinical decision-making process for patients with LBP. We believe that linking these recommendations to the 2015 TBC might also guide researchers to new areas of investigation and direct clinicians to new patient management strategies (Appendix A).
The improvements on the TBC will be discussed in details in a series of upcoming papers. In this paper we present an overview of the most recently updated TBC algorithm.
Overview of the updated TBC algorithm-2015
The 2015 TBC algorithm proposes two levels of triage: one at the level of the first contact healthcare provider and another at the level of the rehabilitation provider (Figure 1 ). At the level of the first contact healthcare provider, the triage can be assumed by any practitioner competent in LBP care regardless of their professional background (i.e. primary care physicians, nurse practitioners, physical therapist, chiropractors, etc.). This individual's responsibility is to determine the appropriate approach of management. At the level of the rehabilitation provider, the purpose of the triage is to determine which rehabilitation approach is appropriate for the patient, and what factors may impact the treatment.
Triage at the level of the first contact healthcare provider
Upon initial contact, patients with LBP should be triaged into one of 3 approaches:
• Medical management
• Rehabilitation management
• Self-care management
Patients requiring medical management are those with red flags of serious pathology (e.g. fracture,
cancer) or serious comorbidities that do not respond to standard rehabilitation management (e.g.
rheumatoid arthritis, central sensitization). Serious pathologies can mimic non-specific mechanical LBP and should be ruled out upon initial assessment. 24 Red flags are best investigated in clusters of signs and symptoms, 25 with each cluster denoting the presence of a particular pathology (Appendix B).
Central sensitization is a condition that will require careful attention (Appendix B). Central sensitization has been defined as an altered mechanism of pain processing within the central nervous system (i.e. enhanced synaptic excitability, lower threshold of activation and expansion of the receptive fields of nociceptive input). 26 In this condition, the pain may have initially been caused by a peripheral pain generator but now the pain has lasted beyond the normal healing time (i.e. chronic pain). 23 The pain distribution is widespread and does not follow an anatomical pattern. The pain can also be easily provoked with low intensity stimuli that would not normally generate pain (e.g. light touch). A key feature of this pain is the disproportionate mechanical provocation patterns in response to clinical examination.
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Central sensitization has a strong association with psychological factors such as negative beliefs, pathological anxiety or depression, and poor coping strategies. When such factors are present with the aforementioned features of central sensitization, the patient is unlikely to benefit from standard rehabilitation including the principles of the TBC. These patients require a multi-disciplinary approach to pain management including pharmacological intervention, psychotherapy and specialized rehabilitation.
Comorbidities can be present along with mechanical LBP, 28 and should be investigated upon initial assessment as well (Appendix C). 24 Comorbidities have been linked to increased healthcare utilization, higher costs and poor treatment outcome. [28] [29] [30] Comorbidities, physical or psychological, can be identified using a medical screening questionnaire plus patient report. When comorbidities are found in association with mechanical LBP, medical co-management (e.g. pharmacotherapy) may become necessary in order to achieve optimal rehabilitation outcomes. Patients who are appropriate for rehabilitation management are the remaining majority; as serious pathology is very rare among patients with LBP, 33 and patients amenable to self-care management represent a small portion of patients with LBP seen in primary care clinics. 20 We believe the majority of patients should be referred quickly to a well-trained rehabilitation provider. This triaging process of the first contact healthcare provider is recapitulated in Figure 3 .
Triage at the level of rehabilitation provider
In some situations, the rehabilitation provider could be the first contact healthcare provider. In that case, the rehabilitation provider would initially triage the patient in the same way outlined above.
When the triage determines that the patient is appropriate for rehabilitation management, the rehabilitation provider should continue to match the patient with one of the 3 rehabilitation approaches shown in Figure 1 and described below.
In other situations, the rehabilitation provider may receive patients with LBP via a referral from another healthcare provider. In that case, we recommend that rehabilitation providers be watchful for red flags that might have been overlooked by the referring healthcare provider. Also, the rehabilitation provider should attempt to determine if the patient has any physical or psychological comorbidities that might necessitate medical co-management. Also, they should evaluate the psychosocial status of the patient to determine if a psychologically informed rehabilitation is necessary.
The next step in the triage process of the rehabilitation provider is matching the patient's clinical status to one of 3 rehabilitation approaches: symptom modulation, movement control, or functional optimization (Figure 1 ). Matching the patient to each approach relies on the assessment of pain intensity, disability status, and perception of clinical status. Also, the matching must consider findings related to the comorbid and psychosocial status (Table) . This approach is supported by the APTA Clinical Practice Guidelines for LBP, 12 and consistent with the research standards by the NIH task force for LBP.
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Depending on the approach to which the patient is matched, the rehabilitation provider should plan the appropriate physical examination. Patients matched to the symptom modulation approach should be assessed using a physical examination that elicits symptom modulation behavior (e.g. centralization, peripheralization). Patients matched to the movement control approach should be assessed using a physical examination that identifies impairments in movement patterns. Patients matched to the functional optimization approach should be assessed using a physical examination that account for the unique functional demands of a specific job or sport.
Symptoms modulation approach
A symptom modulation approach is matched to patients with recent, new or recurrent, LBP episode that is currently causing significant symptomatic features (Table) . Because their clinical status is volatile, these patients tend to avoid certain postures; active range of motion is limited and painful.
The neurological examination can reveal increased sensitivity. These patients need interventions that modulate their symptoms. In this group, patients are mainly treated with manual therapy, directional preference exercises, traction, or immobilization.
Movement control approach
A movement control approach is matched to patients who have moderate to low levels of pain, and disability that interfere with their activities of daily living (Table) . The patient's status tends to be stable; that is, the patient describes a low baseline level of pain that increases by doing certain daily activities, however, the pain returns to its low-level baseline as soon as the patient ceases the activity.
Other patients may describe recurrent attacks of LBP that are aggravated with sudden/unexpected movement but currently they are asymptomatic or in remission. The patient's active spinal movements are typically full but may be accompanied by aberrant movements. The physical examination can reveal findings of impaired flexibility, muscle activation, and motor control. These patients need interventions to improve the quality of their movement system. For this group, the treatment in the 2007 TBC system mainly relied on stabilization exercises, 16, 35 however, in this updated 2015 TBC we believe that stabilization exercises must be better defined, and other treatments need to be explored.
Functional optimization approach
A functional optimization intervention is for patients who are relatively asymptomatic; they can perform activities of daily living, but need to return to higher levels of physical activities (e.g. sport, job). The patient's status is well controlled (Table) ; that is, the pain is only aggravated by movement system fatigue. These patients may not have flexibility or control deficits but they have impairments in movement system endurance, strength and power that do not meet their physical demands. 36 These patients need interventions that maximize their physical performance for higher levels of physical activities. For this group, the treatment should optimize the patient's performance within the context of a job or sport.
Considerations related to the rehabilitation approaches
The 3 rehabilitation approaches are mutually exclusive; however, patients can always be reclassified to receive a different rehabilitation approach as their clinical status changes (Figure 1 ). For example, a patient who initially receives a movement control approach due to moderate levels of pain and disability can be reclassified to receive a functional optimization approach if his/her status improves to low pain and disability status, or can be reclassified to receive symptoms modulation approach if his/her status suddenly worsens. Alternatively, a patient can be discharged at any point when rehabilitation goals are attained.
It should be noted that within each of the 3 rehabilitation approaches a patient might fit the criteria of two or more treatment options, which requires prioritization of treatment. For example, in the symptom modulation approach a patient may satisfy the criteria for manipulation and extension exercises as shown by Stanton et al. 18 In that case, extension exercises takes priority over manipulation. Extension exercises should be the treatment of choice until the patient status plateaus.
At that moment, manipulation may ensue (Figure 4) . Similarly, in the movement control approach a patient may present with motor control impairment and reduced muscle performance. In that case, motor control deficit takes priority over the muscle reduced performance. When the control deficit is corrected, muscle performance training can ensue ( Figure 5 ). This method of prioritization process is largely based on common clinical sense, requires further research and will be described in future papers.
To achieve optimal treatment outcomes, it is not enough to only match patients based on the above 3 rehabilitation approaches, but matching should also consider the psychosocial status and concurrent comorbidities because they can weaken the treatment effect (Table) . When psychosocial factors are high, the rehabilitation provider should educate the patient about pain theory, muscle relaxation techniques, sleep hygiene, coping skills, and address catastrophizing about pain and diagnostic findings. When medical comorbidities are identified, medical co-management is necessary.
CONCULSION AND FUTURE DIRECTIONS
We reviewed the phases of development of the original 1995 TBC and the subsequent revisions that were published in 2007. We have presented an updated version of the TBC, maintaining its previously developed strengths and improving upon its limitations. In this updated TBC, we recommend a two-level triage process: 1) initial triage level by a first contact healthcare provider (regardless of profession) to determine which patients are amenable to rehabilitation, and 2) secondary triage level by a rehabilitation provider to determine the most appropriate rehabilitation approach. The initial triage process now recognizes two types of patients who are not candidates for rehabilitation management; those with red flags of potentially serious medical disease or central sensitization syndromes, and those who are likely to do well with a self-care management approach.
Additionally, this updated TBC embraces the biopsychosocial model of back pain management, including the importance for risk assessment and the need to address psychological factors, regardless of the rehabilitation approach. The rehabilitation level triage establishes decision-making criteria that can be used by any rehabilitation provider to determine the most appropriate rehabilitation approach for the patient with LBP, using pain and disability status (Table) . We have also linked the recommended treatment approaches in this TBC to the APTA Practice Guidelines for Low Back Pain.
This article has provided a general overview of the major updates and revisions to the TBC, with more detailed information to be presented in a series of upcoming articles. One article will be devoted to the first contact provider triage process, with discussions about assessment of red flags, medical and psychosocial comorbidities, as well as the need for a psychologically informed rehabilitation approach for patients at high risk of developing chronic LBP. Another article will include more detailed descriptions of the rehabilitation provider triage process that sorts patients into the most appropriate rehabilitation approach. Each of the 3 rehabilitation approaches will be the focus of an individual article that discusses the physical examination procedures for that specific approach, suggesting subgroup-matched interventions. We hope that the information provided in these future articles will stimulate thoughts and future research related to the concept of matching interventions to appropriate subgroups of patients with back pain. Patients who need symptom modulation approach can satisfy the criteria for more than one treatment subgroup. We suggest that the treatment should take the progression shown in the Figure. For example, if a patient status centralizes with extension, then the rehabilitation specialist should emphasize extension exercises until the patient status become plateaus. At that time, manipulation can ensue. *Irritable means that minor movements of the lumbar spine can easily provoke the symptoms. ** Active rest means limiting the patient movement until the inflammation subsides. Such patients are usually seen within the first 24 hours of injury.
Is the patient irritable* and inflamed?
• Yes: address the inflammation by active rest.** Does the patient peripheralize with extension and flexion, or have positive crossed SLR test?
• Yes: prescribe traction.
Does the patient centralize with flexion or extension?
• Yes: prescribe specific exercises that centralize the symptoms.
resolved Does the patient stop to centralize and no symptoms distal to knee?
• Yes: prescribe manipulation. These impairments can be present in a patient all at once, or any combination of them. To address these impairments we suggest that the treatment should take the progression shown in the Figure. The treatment of a particular impairment does not mean ignoring other impairments; that is, if a patient presents with flexibility and motor control impairments, then the rehabilitation specialist should emphasize flexibility exercises in the earlier sessions of treatment with the possibility of addressing some aspects of the motor impairments. As the flexibility impairment improves, the rehabilitation specialist should emphasize motor control exercises in the later sessions.
Is there a sensitized neurological structure?
• Yes: address the sensitized neurological structure.
resolved Is there a joint mobility or muscle flexibility impairment?
• Yes: prescrie flexibility exercises or joint mobilization resolved Is there a motor control impairment?
• Yes: prescribe motor control exercises.
resolved Is there a muscle endurance impairment?
• Yes: prescribe endurance execises. 
Strong
Aerobic exercises** Clinicians should incorporate progressive, low-intensity, submaximal fitness exercises into pain management and health promotion strategies for patients with LBP.
General fitness exercises** Work or Sport specific exercises Clinicians should routinely assess activity limitation and participation restriction through validated performance measures in order to prescribe specific exercises that enable the patient to return to work or a sport.
Expert opinion APTA = American Physical Therapy Association; LBP = Low Back Pain; TBC = Treatment-based Classification System; Strong = a preponderance of evidence obtained from high quality studies; Moderate = a single high quality randomized trial or preponderance of lesser-quality evidence; Weak = a single lesser-quality evidence or preponderance of case control studies or case series; Conflicting = higher quality studies disagree on conclusions; Expert opinion = best practice based on the clinical experience of the guideline development team *Levels of evidence are consistent with those described by the Oxford Centre for Evidence-Based Medicine **These exercise approaches when considered collectively are supported by strong evidence, but the optimal combination/sequencing of these approaches needs further investigation.
Infections 49, 50 • Fever provocation and easing tests • Hypersensitivity to light touch *Pathologies that refer pain from the back can produce findings that resemble mechanical low back pain; however, the presence of the cluster defies that the symptoms are of mechanical origin. **Pathologies that refer pain to the back will not reproduce symptoms with mechanical provocation. ***We recognize that central sensitization disorders are not part of the traditional red flags, but because patients with central sensitization require medical management they are included in this Appendix.
The PHQ-9 classifies depression as the following: minimal depression (1-4) ; mild depression (5-9); moderate depression (10) (11) (12) (13) (14) ; moderately severe depression (15) (16) (17) (18) (19) ; and severe depression (20-27).
Fear of movement
Fear-avoidance Behavior Questionnaire (FABQ) 14 The FABQ is a list of 16 questions that measure fear related to low back pain. The questions are divided into two scales: 5 for physical activity scale and 11 for work scale. The total score for the physical activity scale ranges from 0 -24, and the total score for the work scale is 0 -42. The higher the score the worse the condition. When summing the scores, questions 6, 7, 9, 10, 11, 12, and 15 are not included in scoring.
Tampa Scale of Kinesiophobia (TSK) 55 The TSK is a list of 17 questions that measure fear related to low back pain. For each question, the scores range from 1 -4. The total score is 68; the higher the score the worse the condition. The total score is calculated after the inversion of questions 4, 8, 12, and 16.
Pain catastophizing Pain Catastrophizing Scale (PCS) 60 The PCS is a list of 13 questions that assess the extent of catastrophic cognitions related to low back pain. Each question is scored from 0 -4; the higher the score the worse the condition. The total score is 52. The PCS assess 3 dimensions of catastrophizing: rumination, magnification and helplessness 
